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(54) PHOTOLYTIC PREPARATION OF 
DIOL MONONITRATES 

tvi^ (7I) We >. RESEA RCH INSTITUTE FOR MEDICINE AND CHEMISTRY 
INC, a corporation organised and existing under the laws of the Commonwealth of 
Massachusetts, United States of America, of 49 Amherst Street, Cambridge, Massa- 
chusetts 012142, United States of America, do hereby declare the invention for which 
we pray mat a patent may be granted to us, and the method by which it is to be per- 5 
formed, to be particularly described in and by the following statement: — 

This invention relates to a novel process for the preparation of diol mono- 
nitrates and diols and keto-alcohols derived therefrom. 

at m^ e i, P ^ 0t0lySiS ° f 3lc P h °! nitrites Possessing a conformationaUy adjacent carbon- 
attached hydrogen atom, the "Barton reaction", is well known. A detail description of 10 
vldTZZ£«° te h found >. for exa *>Pfe> » U.S. Patent SpedficatioT No TgSSlf 
TtSTS th ^. m , tnte e™up splits to yield a fr« NO group and an ox y 
faSSSl i C8ptU ! eS £ e conformationaUy adjacent hydrogen atom to 

StfLl K™ y and 3 Cari ? n free radical ^ ^ NO migrates rothis artm 

SSSkSi ? n i "T, ^-"P- In modifica "°ns of this reaction, a halogen atornis 15 
mtroduced in place of the nitroso group to form a halohydrin which may, as in the 
SLS hS 8 ' ^ dehydrohalogenated to form a cyclic ether, and, from dnTa^om- 
pound bearing a hydroxy group where the original hydrogen atom was may be pre- 
pared, the original hydroxy group having been replaced by hydrogen. Thus K 
^ZSZSgt^fg^ -mpound^elds a &IS 'Z2£i ftfi 20 
^Jf? uc V veI .y .«eaved to the correspondmg 19-hydroxy compound. This process is 

ss^sas; to B m nr Spccmcation W6 

transfer, resulting _ in the introduction of a nitrate ester (mtro^y) g7oup m pkceof 
Soun1^Tr naUy fr* hydr0gen atom md ^ restoration ofthf original hydroxy 

According to the present invention therefore, there is provided a process for the ™ 
preparation of a mononitrate ester of a diol whereby a nitrite ester of^ alcohol 

, hydl ° gen atom which is or ' is able » WormatiSy 
2 ?r™ ^ C J? ttn f d - h J d J 0 ^ y ^"P and 311(1 111 which ^ atoms joining the hydro*- 
can- orTn^ ^"d hydroxy group include at least two adjacent atoms forming 
part of a ring is photolysed in the presence of molecular oxygen whereby a corresDOnd- V 

free hydroxj rgroup and the said hydrogen atom is replaced by a nkrooxy group^ 
r»n™/ ™ c 0 ^ 0 ™ 300 ?^ adjacent 1 is used to mean that the atomTor groups 
t^l tJZTr^T* ^ *?? a PP roach without appteciable mofecX 

^ C d,StaDC t j 0rma l for 211 interatomic bond. Thus, for example, in 40 
each 2 d£n ST? ,f ' K Cd t0 m 18 carbon atoms are more adjacent to 
Soms S nosten?! l o l/? „ SUbSt 1 T? S ™ to ? e Mwgm atoms attached to carbon 
^fo.er m ^ h I ' 12 ° T 13 ' S™ 1 ^* ** substituents on the llfi carbon atom 
are closer to the hydrogen atoms on the 19-carbon atom, than they are to the hvdrocen 
atoms attached to the carbon atoms surrounding the 19-carbon position mat is to Ae « 
hydrogen atoms attached to carbon atoms at positions 1, 5,TorT 

In a similar manner, the atoms and groups linked to other carbon atoms in the 
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steriod molecule, are conf onnauonally adjacent to the hydrogen atoms linked to certain 
other carbon atoms,* of which the following are the principal examples : 

lfi group is conf ormationally adjacent to hydrogen attached to 11-carbon; 
20 group is conformational^ adjacent to hydrogen attached to 19-carbon; 
5 4p group is conformationally adjacent to hydrogen attached to 19-carbon; 

6fi group is conformationally adjacent to hydrogen attached to 19-carbon; 
la group is conformationally adjacent to hydrogen attached to 32-carbon Cm 
lanostanes); 

ll $ group is conformationally adjacent to hydrogen attached to 18- and 19- 
10 carbons; 

11a group is conformationally adjacent to hydrogen attached to 1 -carbon; 
15a group is conformationally adjacent to hydrogen attached to T-carbon;' 

18 group is conformationally adjacent to hydrogen attached to 11-carbon; 

19 group is conformationally adjacent to hydrogen attached to 11-carbon, 2- 
carbon, 4-carbon and 6-carbon; 

20or and 20$ groups are conformationally adjacent to hydrogen attached to 18- 
carbon. 

It will be seen that in the above examples the conformationally .adjacent atoms or 
groups are separated by a chain of four intervening carbon atoms, thereby allowing the 
cor^ormauonally adjacent atoms or groups to form part of a six-membered structure on 
which, as is well-known, is normally substantially free from strain. Naturally, where the 
intervening carbon atoms form part of a structure in which bond rotation and move- 
ment is restricted, as m polycyclic structures such as steriods, the arrangement of all 
the bonds must allow the relevant atoms or groups to become adjacent. Other ex- 
2d amples of compounds outside the steroid field in which the Barton reaction, and hence 

the present reaction, may be effected are given in detail in U.S. Patent Specification 25 
Wo. 3,215,713 and include, for instance, o-methylbenzyl nitrites, cyclooctyl nitrides, J3- 
metnyl-arnaphthol nitrites and 2-methylpyrid-3-ylmethyl nitrites. 

Th % wacrion according to the present invention thus provides a simple route 
30 to an «,8-<nol mononitrate. Such a mononitrate may subsequently be reduced to free 

the diol itself as the end product, or alternatively, the free hydroxy group may be sub- 
jected to further reactions while the other hydroxy group is protected as the nitrate 
ester. In particular the free hydroxy group may be oxidised, for example with Tones' 
reagent (chromium tnoxide/sulphuric acid) in acetone, to produce the corresponding 
3d hydroxyketone nitrate and, hence, the hydroxyketone. 

Other reactions which may be effected while the nitrooxy group is present include, 35 
tor example, dehydration to form an olefinic bond, isomerisation such as double bond 
shirts or epimensation, esterification, etherification and hydrolysis of ester groups. 
. Under the reaction conditions employed for the photolysis, some S-hydroxyketone 
40 nitrate may also be formed, but this can be separated easily by conventional techni- 

ques such as chromatography. Where subsequent oxidation is required however no 40 
problem arises. 

The photolysis is conveniently effected under conditions favouring a high oxygen 
concentration in the reaction medium. Thus a solvent which readily dissolves oxygen 

4d is desirable, e.g. aromatic compounds such as benzene, toluene and xylene; haloeenated 

aromatic compounds such as hexafluorobenzene, chlorobenzene and the chlorotoluenes D 
and chloroxylenes; halogenated hydrocarbons such as chloroalkanes, chlororluoroalkanes, 
perfluoroalkanes; and halogenated amines such as perfluoroalkylamines, in particular 
dicWoroethane, methylene chloride, fiuorotrichloromethane, cWorotxifluoromethane, di- 

50 chlorodifluoromethane, 1,1,2-trichlorotrifluoroethane, and perfiuorotributykmine; halo- 

genated ethers, such as perfiuoromethyltetrahydrofuran; and nitriles such as aceto- 0 
rutrile. Where the solvent dissolves oxygen well but does not sufficiently dissolve the 
nitrite ester, it is convenient to use another more powerful solvent in addition. Thus 
the nitnte may be dissolved in one solvent and a good oxygen solvent added thereto, 

5d either as a single phase mixture or as an emulsion of two phases. 

Tne solubility of the oxygen is also improved by working at a low temperature, 55 
e.g. from 40 to 40°C down to the freezing point of the reaction mixture. 

The light used in the photolysis is preferably of a wavelength of 300 nm or 
more, advantageously of 300 — 380 nnx 

60 In the general case it is not necessary for all the atoms intervening between the 

confoirauonaUy adjacent groups of the alcohol reactant to be carbon and in general 
it is possible for at least one intervening atom to be oxygen, nitrogen or sulphur, pro- 
vided that the compound is chemically stable and that the atoms carrying the con- 
formauonally adjacent atoms or groups are both carbon. The process of the invention 

od is thus of particular use in o iverting compounds having the grouping 
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— CH— X— C— C— ONO 

I ! 

into diol mononitrates having the grouping 

I || 
— CONOr- X— C-C^-OH, 
I I 

where X is a group 




00. 
C OH 
A d 

nr 



00N0 0K0 o 
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OH 
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15 



— C— > — N— 3 — O— or — S— . 
Die^ftnn^n^fo^ is ^efui in steroid synthesis e.g. in the 

acetyl j groups at the 17-posiuon; a hydroxy or keto prmm nr rK*> n n B . . y 
ll-deoxycorti4terone 8-hydroxy-comcosterone and A'-lS-hydrozy- 

respo^gShSr 3? Sii sr e riSv^r d by *«?*» ° f ** **■ 

such as pyridine or triethyEe ^ g< ^ ddond * m a tertiai y ""i"* 

that ^pho^is^ » k ™™* 

captured by the car^SattacheToS JmS n f * Mrogen atom is 

of nitric oxide and a carbon free raS Sk ^ mtnte ^"P t0 y ieId a molecule 
molecule of ritric oSe , £ wh.ch captures a molecule of oxygen and the 
mstantaneouslytofo^^ S rou P which rearranges 
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Since the reaction apparently proceeds by way of reaction of the entity II with 
molecukr oxygen, followed by NO, the radical II may also be generated by reaction 
or the free alcohol corresponding to the nitrite I with molecular oxygen together with 
a source of f-alkoxy radicals and NO most conveniently with a r-alkyl nitrite such as t- 
butyl ntnte The f-alkoxy radical abstracts hydrogen from the OH group of the alcohol 
and the carbon-attached O radical so formed may then abstract the conformationallv 
adjacent hydrogen atom to form the radical II. 

The following Examples in which all temperatures are in °C illustrate the inven- 
tion : 
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_ EXAMPLE 1 

Irradiation of ll^-hydmxy-pregna-l,4-d^ene-3,20-dione-ll-nitrite 

The nitrite (700 mg) in dry acetonitxile was cooled to 5— 10°C and a stream of 
oxygen passed through the solution. After irradiation with a 200 watt medium pressure 
lamp (tonovia— registered Trade Mark) for 25 rnins. all the nitrite had been con- 
sumed. The solvent was removed under reduced pressure and the residue chromato- 
graphed (sihca gel) to yield two major fractions, the larger of which was a mixture of 
the required product and the starting A^ll^hydroxyprogesterone-ll-nitrite. Further 
criromatography and crystallization afforded 259 mg (34 % yield) of ll&18-dihydroxy- 
pregna-l,4-diene-3>20-dione 18-nitrate. Crystallization from methanol/methvlene 
chloride gave material with the following physical data : m.p. 162— 4 °> let] J 2 = X 159° 

£?&>33L8S«X" "°° (n * 16M(s5 ' »»» ftfc 5& 



NMR(CDC1 3 ): 



protons assigned 

Q 
C 2 
Q 
Q B 

Coi-methyl 
Qo-methyl 



At $ values 

7.2 (d 3 J=10Hz) 

6.2 (dd, J=10 and 2Hz) 

5.95 (broad s) 

4.55 (q, J AB =10Hz) 

4.4 (m) 

2.1 (s) 

1.35 (s) 



Analaysis C 21 H 37 N0 6 : 

Requires C 64.76% 

Found C 64.90% 

Mass spec. M + not seen, base peak at M-63. 



H 6.99% 
H 6.95% 



N 3.60% 
N 3.46% 
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EXAMPLE 2 

Preparation of 18-hydroxy-pregna-l,4-diene-3,ll,20-trione 18-nitrate 

The product from the above reaction (100 mg) was taken up in acetone (10 mis), 
and treated with Jones' reagent (0.2 mis). After stirring for 10 mins. at room tempera- 
ture the reaction mixture was poured into sodium bicarbonate solution and extracted 
with ethyl acetate. The extracts were washed with water, dried (Na~S0 4 ) and 
evaporated to dryness under reduced pressure. The residue was chromatographed 
(sihca-gel) to give the required product (89 mg. 89%). Crystallization from ethyl 
acetate/hexane gave material with the following physical data: m.D. 146 7° 

^Si^^^i^k 1 ^ l6mi 1630& «^ 



NMR (CDC1 3 ): 



protons assigned 

Q 
C 2 
C* 

Qn-methyl 
C 10 -methyi 



At S values 

7.73 (d, J=10Hz) 

6.20 (dd, J=10 and 2Hz) 

6.10 (broad s) 

4.40 (q, Jxb=HHz) 

2.17 (s) 

1.45 (s) 



Analysis: C 21 H M NO«: ■ 

Requires C 65.10%" 

Found C 64.96% 

Mass spec. M + 387 (very faint), base peak (M-63) 



H 6.50% 



N 3.62% 
N 3.42% 
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EXAMPLE 3 

Preparation of lS-hydroxy-pregna-l^ene-S.lUO-trione 

ethyl acetate. The extracts were washed well with water dried ns£ cnTT^? 

^onde/methano to give material with the following physS datT mp 1*5—19^ 
-Wx^ 3450(m) 3 1700(m), 1660(s), 1620(01), 16^5(w)cnr> P ' ? ' 
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NMR (CDC1 3 ): 



protons assigned 
Q 

Q 



Analysis: C 21 H 2fl 0 4 



Requires : 
Found : 



Qi-methyl 
Qs-methyl 

C73.65% 
C 73.39% 



also 



At 8 values 

7.55 (d. J=10Hz) 

6.17 (dd J=10 and 2Hz) 

6.08 (broad s) 

3.51 (q J AB =9Hz) 

3.47 (q J AB =7Hz) 

L40 (s) 

1.37 (s) 



H 
H 



7.65% 
7.72% 



„ ^ . EXAMPLE 4 

Prer^auonar^^ 

(Na 2 SO<) and evaporated to dryness. Yield 2.4 g (91 %) ' 

colouS ta pS° I1 | n!^ "isTWf r? l0 ^ ethan01 ^ 1001,1 ^^peraturc afforded 
1250(sX78^-^fr^ 1735(3), 1635(a), 1600(0,), 



NMR (CDC1 3 ): 



protons assigned 

c. 
c, 

O-acetyl 
Qi-methyl 
CiQ-methyl 
C u -methyl 



At 8 values 
5.4 (m, broad) \ over- 
5.2 (m) / lapping 

4.6 (m, very broad) 
2.0 (s) 

1-33 (d, J 6Hz) 
t).98 (s) 
0.66 (s) 



Ji£,J^ (? '° g) ^ takCn Up m d ^ aceton » (500 mis) and oxygen 
KeraturefS hr $ "SSh ^ E ~ 2 °° C Irradia *>* was carried out S 
32S^S« Sit? ^ te consumed - The ^Ivent was removed under 
reaucea pressure and the residue chromatographed over silica usino- hen^n,* ™n 
^ 0% nsing to 5% ethyl acetate. ThisSed in^3oS~wS 
were further chromatographed (silica gel, prep. tJ.c.) to give • P WlUCh 

1. 505 mg (27%) of pregnenolone acetate VII 

2. 400 mg (22%) of the starting 20jG-alcohol VIII 

3. 295 mg of the required 2^alcohol-18-nittate IX (14%) yield 

4. 160 mg of the 20-keto-l 8-nitratc X (8 % yield) 

fraction 3 — the required product was crystallized from hexane m «v P v*™ 
50 f^^tio^oi CHC& 3650(W) ' " 725(S)> lS S*^^W<R 



NMR (CDC1 3 ): 



protons assigned 

c, 

§: 

O-acetyl 

Qj-methyl 

C 10 -methyl 



At 8 values 
5.35 (m) 

4.6 (m, very broad) 
4.50 (q. J AB =10Hz) 

3.7 (m, broad) 
2.00 (s) 

1.15 (d, J=6Hz) 
1.03 (s) 
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Analysis: C^H^NO,, 

Requires: C 65.53% H 8.37% N 3.32% 

Found: C 65.60% H 8.30% N 3.29% 

Mass spectrum M + not seen, base peak at M-60, (M-123). 

Fraction 4 was identical in all physical data to the keto-nitrate obtained by 5 
oxidation of fraction 3 as follows. * / 

O - NO 



Preparation of 3£,18-dihydroxy-pregn-5-en-20-one 3-acetate 18-nitrate \ l- ^ 

. Tne 20 ^-hydroxy- 1 8-nitra te from Fraction 3 of Example 4 (75 mg) was taken up 
in acetone (5 mis), and treated with Jones' reagent (0.1 ml). After stirring for 2 min s 



EXAMPLE 6 

Preparation and irradiation of pregn-5-ene-3/?,20«-dH>l 3-acetate 20-nitrite , IW2- 
30 (a) The procedure used was identical to that employed for the 20<?-nitrit& prepara- 

uon in Example 4. 1.1 g of the 20a-alcohol afforded 1.08 g (91%) of the nitrite 
Ctystalhzauon from methylene chloride/methanol afforded colourless needles. m.p. 

CHCl,) (S) ' 1630(S) ' 1245(S) ' 80000 Cm "'- Wb s1 =-31° (c=0T8 

35 NMR(CDCI 3 ): protons assigned At S values 

S 10 5.5 (m, broad) 

g> 5.4 (m) 

X 3 , 4.6 (m, very broad) 

40 O-acetyl 2,00 (s) 

c"E52 L45(dJ=6Hz) 
Qo-methyl 1>03 (s) 

C l8 -methyl 0 g0 ( J 



(b) The same irradiation procedure as in Example 4 was used. 1 0 e of the nirrire 
« "STS? (5 °° was Jnadiattd at 0 to -20°C in the prten^of oxygenTr 
-mns. Chromatography then save 506 me f*7o/ „; P i,^ „f A. ~ " : °5 y !.1° r ° r 



« ™ C5 °° was Jnadiated at 0 to -20°C in the presence of oxygen for 

K]^4o t0gnlphy thrn gave 506 m * < 47 % y iel °) of the requ^nin^ 

Analaysis: C^H^NO,; 

Requires: C 65.53% H 8.37% N 3.32% 

Found: C 65.74% H 8.34% N 3.20% 

50 r. EXAMPLE 7 

Preparation oi 3.fi,18-dihydroxy-pregn-5-ene-20-one 3-acetate 18-nitrate 

ittUHmTrn irX r?Sy " 18 " mtr ^ e n fr ^ m . Exam Pk 6 (100 mg) was oxidized with Jones' 

£ §™v w S) ™ u t0n ^ ( ^ 0 * ±s same way as the 20/J-hydroxy compound 

55 Ideml^wnh^t "* ^ ^ ~ 



10 



the reaction mixture was poured into water, the product extracted into methylene 
chloride, washed with sodium bicarbonate solution, water and dried (NaoSOJ After 
removal of the solvent the residue (68 mg, 91%) was found to be essentially pure by 
t.Lc. and was recrystallizcd from hexane to give colourless plates. m.p. 156 7° JR- 

15 Sg^ 1725(s)a 1705 <»> 1^5(s), 1275(s), 1240(s) cm" 1 . [«]»» = +24° (c-0.95, 15 

CHC1 3 ). 

NMR (CDCI3) : protons assigned At 8 values 

5.35 (m) 

20 r 4,5 ( m > verv broad ) 20 

. , 4.34 (broadened singlet) 

Qi-xnethyl 2.25 (s) 

O-acetyl 2 .00 (s) 

Cxo-mcthYl 1 03 (s) 

Analysis: C 23 H 33 N0 6 " ^ W 

25 Requires: C 65.84% H 7.93% N 3.34% 

Found: C 65.92% H 7.94% N 3.25% 

Mass spectrum M- not seen, base peak at M-60 (M-123). 
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„ „ . J . ,. EXAMPLE 8 

Pieparauon jmd irradiation of l^lehydrocorticosterone 21-acetate 11-nitrite 

NMR(CDCI 3 ): protons assigned At S values 



£' 6.88 (d, J=10Hz) 

P 2 6.23 (dd, J=10and2Hz) 

5.98 (broad s) 
S" 6.1 (m) 

Sr 21 , 4.55 (s) 

O-acetyl 2 . 12 

C 19 -metfayl !. 2 o ( s ) 

C,„-metfayl 0 .80 (s) 

Calculated for: C, 3 H 2!) N0 8 : 

Requires: C 61.73% H 6.53% N 3.13% 

Found: C 61.64% H 6.50°^ N 2190% 

T> . . EXAMPLE 9 

preparation of 18-Hydroxypregnenolone 3-Acetate 

NMR(CDC] 3 ): protons assigned At S values 

C. 5.3 (m) 

X 3 4.5 (m } very broad) 



Analysis: C„H 31 0 4 : 



X 1 " 4.68 (broadened s) 

O-acetyl 2.00 (s) 

Qi-methyl 1.45 ( s ) 

Qy-methyl 0.94 (s) 



Requires: C 73.76% H 9.15% 
.„ , Eound: C 73.86% H 8.94% 

Mas^spectrum: weak molecular ion at 374, (M-18), (M-46), (M-60), (M-78), (M-90), 

EXAMPLE 10 
ireparauon of 18-nitrooxy-progesterone 

nq<rli°- Uti0n A 0f w, I^pi^y-Pregnenotene acetate from Examples 5 and 7 
(395 mg) m methanol (15 mis) was treated with perchloric acid (0.5 mis). After 6 hrs 
at room temperature a further 0.25 mis of pcrchibric acid were addend X storing' 
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continued for 2 hrs.; t.Lc. then showed essentially complete reaction. Diluted with 
warer to give a semi-solid produce 18-nitrooxy-pregnenolone, which was taken up in 
methylene chloride, washed with water, dried (Na 2 S0 4 ) and evaporated to dryness (312 

5 NMR (CDCI 3 ) : protons assigned At S values 5 

Q 5.25 (m) 

Cx 8 4.30 (AB,q. J=ll Hz) 

C 3 3.5 (m, very broad) 

Qx-methyl 2.20 (s) 

10 C^-methyl 0.97(s) i0 

Attempts to crystallize this material were unsuccessful, therefore it was carried through 
without further purification. 

The above product (300 mg) in dry toluene (35 mis) containing 1 -me thy 1-4- 
piperidone (3 mis) was refluxed under nitrogen using a Dean-Stark apparatus. The first 

15 5 mis. of distillate were discarded and then a solution of aluminium isopropoxide (490 15 

mg) in dry toluene (2 mis) was added dropwise over a few minutes. The mixture was 
refluxed for a further 6 hours, cooled, washed 3 times with 1% H 2 SO.,, with water and 
then dried (Na 2 S0 4 ) and evaporated to dryness. Preparative t.Lc. (silica gel) afforded 
mC rcquired 18-mtrooxy-progesterone, 126 mg, 47% yield. Crystallization from ethyl 

20 acetate/hexane afforded material with the following physical data: m.p. 145 — 6°. IR 20 

W**' 1700(m), 1665(s), 1620(s), 1280(s) cm- 1 . UV 239—40 ma (*= 

17,200). [«]„"=.+ 190° (c=0.87 CHd 3 ). * 

NMR (CDCI3): protons assigned At S values 

_ e Gi 5.69 (s, broadened) 

25 £u 4.35 (AB, q, J=llHz) 25 

Qx-methyl 2.17 (s). 

a 1 ■ puxt^ Qo-methyl L2 0 (s) 

Analysis: QnH^NOs 

Requires: C 67.17%- H 7.78% N 3.73% 

30 Found: C 67.14% H 7.61% N 3.53% 30 

Mass spectrum : Molecular ion at 375, (M-28), (M-63, base peak). 

When a Jones oxidation was attempted instead of the above Oppenauer oxidation, 
the major product isolated had the following physical data, in accord with 6-oxo-18- 
nitrooxy-progesterone, m.p. 178—189° (gas evolution). IR i m „ DKr : 1700(s) 3 1685(s), 
35 1630(s), 1275(s), 870(s, broad) cm" 1 . UV il m M « on : 250 xmi ( € = 11,600). [«]i> 28 ' 7 = 35 

+.45° (c=0.51 CHCI3). *° 

NMR (CDCI3) : protons assigned 8 values 

£ 6.10 (s) 
4.36 (s) 

40 C 21 -methyl 2 .20 (s) dn 

^-methyl L16 ^ 40 

Analysis: C2iH 27 NO c 

Requires: C 64.76% H 6.99%: N 3.60% 

Found: C64.7 7 % H 6.99% N 3.72% 

45 Mass spectrum: very weak molecular ion at 389 (M-46), (M-63), (M-75), (M-77). 45 

EXAMPLE 11 
Preparation of 18-hydroxyprogesterone 

Using the same procedure as that described in Example 9 for the preparation of 
18-hydroxypregnenolone acetate, 50 mg of 18-nitrooxy-progesterone afforded 51 mg 

50 of crude product. Chromatography on silica gel (prep. ti.c.) eluting with 5 % acetone/ 50 

CHC1 2 gave 31 mg (71%) of 18-hydroxyprogesterone which was recrystallized from 
aqueous acetone to give material with the following physical data: m.p. 159 — 161° 
mainly but some crystals remained in the melt up to 163. IR: v max KBr 3500(m), 
1660(5), 1620(w) cmr 1 . UV A M . M « oa : 240 ma ( £ = 16,900). [a]i> 22 - 5 : +124° (C= 

55 0.79), CH 2 C1 2 ). 55 
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NMR (CDQ 3 ): 



Analysis C^r^O, 



protons assigned 
Q 

C^-methyl 
Cju-methyl 



Requires 
Found 



C 76.33% 
C 76.65% 



H 
H 



At & values 

5.66 (s, broadened) 
3.66 (s, broadened) 
1.43 (s) 
1.08 (s) 

9.15% 
9.03% 



Mass spectrum: Molecular ion at 330 is very°weaJc (M-18), (M-60), (M-103). 
T . B EXAMPLE 12 

Irrad*uon of A^orticosterone 21-acetate 11-nitrite in the presence of oxygen 

«S» " 3 «°<-. 22f iSft^K ftstaTi^&.'Bftj 



NMR (CDC1 3 ): 



protons assigned 



Analysis: 



C =3 H 20 NO 8 
Requires: 
Found : 



Q 
C 2 
C» 

O-acetyl 
Qs-methyl 



At S values 

8.23 (d, J=10Hz) 

620 (d.d., J =10 and 2Hz) 

5.97 (broad, s) 

AU overlapping 4.2—5 

2.10 (s) 
1.43 (s) 



C 61.73% 
C 61.64% 



H 6.53% 
H 6.50% 



N 3.13% 
N 2.90% 



n . . . . EXAMPLE 13 

Oxidation of lS-nitrooxy-A'-corticosterone 21-acetate 

The above 18-nitrate (250 mg) in acetone (30 mis) was treated with 0 3 mis of 
Jones' reagent. After stirring at room temperature for 5 mmut« me action nSmre 
was diluted with water and the product extracted into ethyl aceme, w^ed^S 
sodium bicarbonate solution and with water, dried NaSO,) and evaSedSodrvS 
Chromatography of the residue (prep, tic, silica gel) gave lS-nitrooxy-AMl^dSE 

SHTS: £S^s s$-g3ter 



NMR (CDCJ B ): 



protons assigned 
C, 

Co 

Q 

Q a 

Qs-methyl 



At 8 values 

7.70 (d, J=10Hz) 

6.14 (d.d., J=10 and 2Hz) 

6.05 (broad, s) 

4.60 (s) 

4.38 (AB, q, J=llHz) 
2.13 (s) 
1.42 (s) 



Analysis: Q 3 H 27 NO B 

Requires: C 62.01% H 6.11% N 3.14% 

u Found: C 62.19 Vo H 6.13% N 3 16<Y 

Mass spectrum: Molecular ion at 445 (weak, (M-46), (M-61), (M-63) 
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EXAMPLE 14 

Preparation and irradiation of 20)5-hydroxy-pregna-l,4-dien-3-one 20-nitrite 

(a) A solution of 20)5-hydroxy-pregiia-l,4-dien-3-one (110 mg) in pyridine (4 mis) 
was cooled in an ice-bath then treated with nitrosy] chloride until a permanent brown 

5 colouration was observed. The mixture was stirred for a further 5 minutes and then 5 

poured into water. The solid product was filtered off, washed with water, taken up in 
methylene chloride, washed again with water, dried (Na 2 SO0 and evaporated to 
dryness (112 mg, 93%). Crystallization was carried out at below 40°C from ethyl 
acetate/hexane with a trace of pyridine to afford the nitrite, m.p. 145 — 7°. IR v W KBr : 

10 1665(s), 1600(w), 880(s) cnr\ +52° (c=0.51, CHCl 3 ).tfF *•««:' 244 10 

m»u (*= 17,200). 



NA1R (CDQ 3 ): 



15 



20 



25 



30 



protons assigned 
C a 
Q 

C 21 -methyl 
C 10 -methyl 
C l8 -methyl 



At 8 values 

6.90 (d, J=10Hz) 

6.10 (d,d, J =10 and 2Hz) 

6.00 (broad, s) 

5.35 (m) 

1.33 (d, J=6Hz) 

1.21 (s) 

0.73 (s) 



(b) The 20^-nitrite (XII) (8.05 g) was irradiated in 4 g batches, each in dry 
chlorobenzene (500 mis) containing triethylamine (0.5 mis), under the usual conditions 
in the presence of oxygen about 150 mins. being required for complete consumption of 
tne nitnte. The solvent was evaporated off under reduced pressure and the residue 
taJcen up in acetone (100 mis) and cooled in an ice-bath. Jones' reagent (15 mis) was 
added dropwise over 5 minutes, the mixture was stirred for a further 10 minutes, 
and then diluted with water (300 mis). The product was extracted into ethyl acetate, 
washed with sodium bicarbonate and with water, dried and evaporated to dryness 
Two 1 gram aliquots were then treated as follows : 

A. Preparative tix. (silica gel) and crystallization from ethyl acetate/hexane 
afforded a total of 380 mg (33%) of 18-mtrooxypregna-l,4-diene-3^0-dione ■ having 
the following physical data: m.p. 148.5—150° (dec.— gas evolution). =:+I28 
^t^Z^'w^^^ ^(m, shoulder), 1600(w), 



15 



20 



25 



30 



NMR (CDa 3 ): 



35 



40 



protons assigned 

Q 
C 2 
Q 
C lB 

Cai-methyl 
Cio-methyl 



At 8 values 

7.00 (d, J=10Hz) 

6.20 (d,d, J=10 and 2Hz) 

6.05 (broad, s) 

4.38 (AB, q, J=10Hz) 

2.20 (s) 

1.27 (s) 



35 



40 



Analysis : 



Requires : 
Found: 



C 67.54% 
C 67.66% 



H 
H 



7.29% 



<7o 



N 
N 



3.75% 



45 



a* ri n s A gram ahquot was taken up in methanol (30 mis), ammonium acetate 

(.3.0 g) was added and the stirred solution cooled in an ice-bath. Zinc dust (3 0 e) was 
added and the stirring continued for 40 mins. The mixture was then diluted with ethyl 
acetate and water, filtered and the aqueous layer separated off. The organic extract was 
washed with water, dried (Na 2 SO.) and evaporated to dryness. Chromatography of the 
residue elutmg with benzene containing 0% rising to 6% ethyl acetate and final 

50 purification by preparative tXc (silica gel) afforded A'-18-hydroxyprogesterone (18- 50 

hy^oxypregna-l,4^cne-3,20-dione) (220 mg., 23%) which was recrjltallized from 
tthyl aretate/hexane. m.p -170-3° IR w "' : 3 55 o( b road, m) , 16 ^( s)j 1620{m)> 



OCID: <GB . . 1446126A_ I > 



At <5 values 

5? 7.00 (d, J=10Hz) 

p 617 (d,d, J= 10 and 2Hz) 

6.03 (broad, s) * 

n° u , 3 -73 (s) 

C^-methy L50 (s) 

Qs-methyl 1.18 (s) 

Analysis: C-.H^Oa 

Requites: C 76.78% H 8.59% 

Found: C 76.46% H 8.31% 

Mass spectrum: very weak molecular ion at 328, base peak at (M-18). 

ao a , , EXAMPLE 15 

fi ^" A ^ to . x y-7»-hydroxy-5o-Ianostan-32-yl Nitrate 

125w ^reL^^^ a 
whilst a slow stream of dry oxygen waf brtfckd d Trade Mark) filter 

ao a r t EXAMPLE 16 

3£-Acetoxy-5^1anost-7-en-3 2-yl Nitrate 

Btaod off and d,o rauf hly Ad, ^ m cSJfeSfflSJ^SSiB 

and Iho readue cbromarognphed on suic. (50 g). EUition ST teSS toh, 
JSJokon, (b.p 60-80-) (40: 60 v/v) afforded V.£»x5KLJ?i oS^mnlSc 

e T , EXAMPLE 17 

5af-Lanost-7-ene-3&32-dioI 3-Acetate 

3£-Acetoxy-5o?-lanost-7-en-32-yl nitrate (300 me) in elacial acetic acid fin m n 
was sorred at room temperature for 3.5 h with activated zinTdust r?^ t*L 1- ~ 
was filtered through cfelite (registered Trade^S) £3 1 £ "nltef cake S3 
thoroughly with ether. The total filtrate was poured into water and extracted Skh 
ether. The extract were washed with IN sodium carbonate sSnlS difed 
^^.PP^d- CrystaUisation of the residue from methanol gave 
30,32-diol 3-acetate (230 mg, 84%), m.p. 152—153° Ul^-H? S ,ni8 ✓ 

C7?9H1 ?V J ^n H) ' 3 " d 6 ^ 36 ^ 6 / 76 (2H > AB * J 10 * 12 ' C-32 H s ). Pound*' 
^ /B.y, rl, 11.0. C 32 H. t 0 3 requires C, 79.0; H, 11.2%). 

. , , EXAMPLE 18 

3£-Acetoxy-5<t-lanost-7-en-32-al 

-^no°:^?r 7 ' €n if" 3A - 32 " di0 ? 3 T acetate (100 mg) in acetone (40 ml) was cooled to 
Zl ll and J° nes chromium tnoxide reagent (3 drops) added. After 1 h thermion 
was allowed to warm to room temperature ana after a further 5 min. the ntixtnre wS 
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poured into water containing 10% methanoL Extraction with ether gave the above 32- 
aldehyde (90 mg, 90%), m.p. (from methanol) 130—131°, [<t]r>H-27.5° (c 0.13) (lit., 
nx p . 144—145° (sealed tube), Mn+24 0 ), w (Nujol) 1730 and 1250 (— OAc) and 
1712 (—CHO) cm-% - 0.38 (1H, c, — CHO), 4.6 (1H, m, C-7 H), and 5.5 (1H, m, 
5 C-3« H), identical with an authentic sample. 

WHAT WE CLAIM IS : — 

I. A process for the preparation of a mononitrate ester of a diol whereby a 
nitrite ester of an alcohol having a carbon-attached hydrogen atom which is or is able 
to be conformationally adjacent to the nitrited hydroxy group and in which the atoms 

10 joining the hydrogen atom and the nitrited hydroxy group include at least two adjacent 

atoms forming part of a ring, is photolysed in the presence of molecular oxygen, 
whereby a corresponding compound is formed in which the said nitrited hydroxy group 
is converted to a free hydroxy group and the said hydrogen atom is replaced by a 
nitrooxy group. 

1 5 2. A process according to claim 1 in which the photolysis is effected in a solvent 

selected from aromatic compounds, halogenated aromatic compounds, halogenated 
aliphatic hydrocarbons, halogenated amines, halogenated ethers and nitrfles. 

3. A process according to claim 2, in which the solvent is selected from benzene, 
toluene, xylene, hexafluorobenzene, chlorobenzene, the chlorotoluenes, the chloro- 

20 xylenes, chloroalkanes, chlorofluoroalkancs, perfluoroalkancs, perfluoroalkylamines, per- 

fluoromethyltetrahydrofuran and ace torn trile. 

4. A process according to claim 2 in which a single phase mixture or an emulsion 
of two solvents is used. 

5. A process according to any of claims 1 to 4 in which the reaction is effected at 
25 a temperature of from 40 °C to the freezing point of the reaction mixture. 

6. A process according to any of claims 1 to 5 in which the reaction is effected 
using light of a wavelength of 300 nm or more. 

7. A process according to claim 6 in which the wavelength is 300 — 380 nm. 

8. A process according to any of claims 1 to 7 in which the starting nitrile is a 
30 steroid. 

9. A process according to claim 8 in which the steroid is a nitrite ester of a 6- 
hydroxy-, 11-hydroxy-, 7<*-hydroxy- or 20-hydroxy-steroid. 

10. A process according to claim 8 or claim 9 in which the steroid contains sub- 
stituents and double bonds selected from a keto, hydroxy or acyloxy group in the 3- 

35 position; alkyl groups in any of the 2-, 4-, 6-, 10-, 13-, 14- and 16-positions; a keto, 

ketal or orthoester group at the 20-position; a keto group or hydroxy and/or hydro- 
carbon or acyl groups at the 17-position; a hydroxy or keto group at the 11- or 12- 
position; a hydroxy group at the 6-, 7- or 20-position; an esterified hydroxy group at 
the 21-position; a double bond at 5-position or the 1- and/or 4-position; and a halogen 

40 atom at the 11- or 6-position. 

II. A process according to any of claims 8 to 10 in which the steroid is of the 
pregnane, lanostane, 19-norpregnane 5 oestrane or cholcstane series. 

12. A process according to any of claims 1 to 11 in which the diol mononitrate 
obtained is reductively cleaved to yield the corresponding free diol. 
45 13. A process according to claim 12 in which the reaction is effected us ing a 

source of nascent hydrogen. 

14. A process according to claim 12 in which the diol mononitrate produced is 
subjected to further reactions selected from oxidation, dehydration, isomerisation, 
esterification, etherification and hydrolysis of ester groups, before the nitrate group is 

50 cleaved. 

15. A process according to any of claims 8 — 14, in which a free hydroxy group 
which has been introduced at the 18 position is subsequently radiolabeled with 
tritium. 

16. A process according to claim 1 substantially as described herein. 

55 17. A process according to claim 1 substantially as described herein in any one of 

Examples 1, 4, 6, 8, 12, 14 and 15. 

For the Applicants, 
FRANK B. DEHN & CO., 
Imperial House, 
15 — 19 Kingsway, 
London, WC2B 6UZ. 
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